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(54) HETERO-BIPOLAR TRANSISTOR AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable low voltage 
operation and rapid operation while keeping reliability of 
a hetero-bipolar transistor high, by specifying average 
lattice strain of an Si, Ge and C-base second 
semiconductor layer whose band gap is smaller than that 
of an Si-base first semiconductor layer. 
SOLUTION: A second semiconductor layer 4 which 
comprises an SiGeC layer, has a band gap which is 
smaller than that of a first semiconductor layer 20 and 
has average lattice strain of 1.0% or less, is formed on a 
first conductivity first semiconductor layer 20 whose 
element is Si and which functions as a collector layer. A 
third semiconductor layer 5 which comprises Si and has 
a band gap which is larger than that of the second 
semiconductor layer 4 is further formed thereon, a 
conductor layer containing first conductivity impurities 
which comes into contact with a part of the 
semiconductor layer 5 is formed, a base layer 8a is 
formed by introducing second conductivity impurities to 

a part of the second semiconductor layer 4, first conductivity impurities in a conductive layer 
are diffused to the third semiconductor layer 5 by heat treatment, and an emitter diffusion layer 
9a is formed. 
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1*611 ©¥»^StC|nl^5^FlS]fCA> h*^ v-y 

[0 0 2 2] ±fiSSS 3 Si©^tCJ:-pT 

*risan. ±tesi2©^^#:)i©±^©fflfi£«±iE4>* 

#teS i ©^tcJcoXtfS/fcSft. ±ESS 2 ©¥^*Jf© 
±E+*JiRtf±Ji*». GeRffC©5 , 6'>4< tfe- 
#©£=fF4W±ES6 3 ©¥#ttH 75> 5. ±ESH 1 ©### 
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[0 0 2 3] ±BIB2©^*«cJB©±E4 l * 
Jf&OUiJltCiJ^X. Ge tCt©-&*^Jt*— felZte 
^&#£M#©^W*£ii*£l±-5;i<fcKJ;D. 
J:5 + Y'J7 © ftn&BMg £ J; 0 £ C t #T # -5 . 

[0024] sfc. 

"N^DA-ftf-^ h^>>7X^(C*5^T, ±ESH2©¥ 
«*@©T®fCfeViT. C©"^^, fc-SWiC&tfG 
eO*t**«±E1«*I*5±E» 1 ©¥*^g(C(6j^ 
3*[fi]fC«/hLT^-5«-&1C«. ±j$©cJ;3iC, X 
• a U-^^g&Cl&^X/ yttZWty Fsf^-fe v 

[0 0 2 5] ±sBf 2 ®M*l*WM^tt^'\ 
^□A^#-^ h7>v»X^{C*5^T, ±E«2 0*SI 

&St5S i (Xj;0^$nTV^«-&fC«. GeMC 

©$w*£±BS5 3 &±essi ©##^ji 

[0 0 2 6] H©± 3 &«»ffi«*^rf L 

[ 0 O 2 7 ] _kES§ 2 ©*#flcJi©«1»*Jf*Jffi«S*S 

e mfstimtm 3 <=>SiS 1 <D¥m#miZ\ftfr 

3*[6jtCie^-rs«^-^S:#LT^iS ! t)©. Geffl§ 
C ©^#2£*if§ 3 ©¥*»#»#> ^1 ©¥ 
18 C 3 35 ft (C «/h-T* «*MftjaE £ b T (r» -5 

tc< G e ©•g-*^*t*i^:UC©^#^i«/h-rs«#H!a 

Jl Clfij^ 3 tc G e StXC ©^W^75*ig*:T-5flg#4iifi 

[0 0 2 8] Sit, ±ESB2©#Wfl:JI©+*Ji*«5lo 
S0S*Sai75IME*ft&*5fti:lt C ©-&*=£ 
a^-JTTG e<D^W**<* 3 1 
#:Jf tdfa^ 3 fC«/hf S«MffifiK<&* L T ^ S 

iBi^ 3 t g e ©^*r* a«tt/h l c ©-^w^^it^-r 

*«#MajsK**L/T^*'b©. SS3©^#:g^e>SSl 

[0 0 2 9] C©J;3(^ ffi^M*-X«?lo?I0.^*-© 
Hftlfr- *©**#-T-5®^|*n?m 2 ©*j»#:)l©cf 
*JllcM^fflfiE<£-itfe-y--5Ct(CJ;0. S i GeCCi 

•TtCS i GeCM$«t5»T. SS2©^#ft:)l 
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[0 0 3 0] fc*3> £2©¥*{*JR©c|>*JI;MB&tt& 

$5WiCR^G e 3 *^ 6 ±E 

[0 0 3 1] ifc, ±seg§2©¥^#JI©TJf tcist^ 
T. C©-g*P£, »*lr>»aC2fc«Ge©$W*3&«±Ef 
£?B 1 ©¥*»&« fc|ft38» 5 tcM'h l/T^*i 

[0 0 3 2] ^^©^nA'-f*-^ h^>v ; X^© 
«iS*ffitt. SiM»tLTtL3l/^^li:LTl 
tB-r^mi^m^ro^l ®^##:Jl©_h(c. SiGeC 
Jf£^#.±f3£l 1 ©¥##B J; 0 fcA> K*^ ^Tii/jN 

a < q^te^s*** 1 . o*«t-c**jb 2 ©*»#)■ 

&Mf&-rz>T.m (a) t. ±fE!g2©¥8£{fc/f ©±.lc, 
'>&<£*>S i $^*-_h|H^2(D^^)l«fci9 ; bA*>F 
^fv^gi^sro^i^MTSig (b) 

«S^iW1ll&*tTiB#JIS»j«r*lS (c) t, ±12 
fg 2 ©###J1©'>& < £ b-fflizm 2 ^«^^i^%5r 

iAut^-xisfstsii (d) t. mmm\z£. 

(e) 

[0 0 3 3] Z(Djj&l,ZJzV, ±j£©'\7 i nm*<#— ^ 
h7>~J7,?&MmtZ>mz, Si, GeRtfC$§tJ 
«2©¥*#JB©ttJbtt#<, -t©^*^*^ 1 - 0 
%«TTfe*#-&JCtt. Ig (e) (C&tt-SiS^JlTWT 

[0 0 3 4] ±f2fgl©#jg#Jf tLTS i Jf£ffl(^> 
±5BX^ (a) T'«. ±feSg2©¥##:Jl£LTS i 
l-x-y Ge x C y (GeC^ifSx, C ©-&£->££: 
y) m&Wf&L, ±I3Xg (b) T-tt. ±teH3©¥# 

[0 0 3 5] ±BIS (a) Ttt. ±ie^2©#ag^@ 

*7C©ttX^±T. 

fi^d) :y = 0. 1 2 2 x - 0 . 032 

:y = 0. 1245x + 0. 028 
H8g<3> : y = 0 . 2332x-0. 0233 (C©-g*T 
m&2 2X&LT) 

B^@:y = 0. 0622x + 0. 0127 (C©^*T 
©4 0©iSi^(CJ:-DTH*ns««©3acK«rW-r-&cfc5 
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[0 0 3 6] ±g2Ig (b) Tte, Xtf^vWUSS 

<hi^n#(c^ i #«^^mi^^±fs^ 3 v>*mfrmft\z k 

j^g£0jSLte#'S. II (e) {C*3tt^^M#l©^A 
[0 0 3 7] 

i&mvnffiamm — ;-xi^s i Gecii^o 

*5IM»fi8K:tPHTIttWr -£»H5tC, Si, GeWCS; 
^tTH7t?g^¥^-e*«)S iGeCIICioT^rD 

[0 0 3 8] 018(1 t¥*©S i Ge-HBT&fl; 
43tf3S i B©±tC^$nfcS i GelfflGett$ 

B T t bTUfflMftS/M-XlCDKStt 2 5nmg« 
Tfe^C<h$r#*-f^i:. S i G e lUfCiiHTH. 

[0 0 3 9] -M. S i G e C=7cS j|##*©A> K 
^^{COHTfa, m^XM4 (K. Brunner et. a 
1.," SiGeC :Band gaps, band offsets, optical proper 
ties, and potential applications," J. Vac. Sci. Techn 
ol.B 13(3), pp. 1701-1706, 1998) fc— Sfo^iBISanT 
^•5. ttUZ£Z>£, S iGeC£7cSS*i#liS i 

1©±I:S i Ge CWSr^-rs^tfCfcD^S*^ 

[0 0 4 0] Bi9il *fg§i§#iS©*fMc«fc 

■3T#f>nfcT-^Tfe-5T, — flgitS i i-x-y Ge x 

Cy tisn^s i Ge cagffiJUcoivc, 950^ 

Tl 5 s e clfflffli (RTA) ^ff^ofct^©^ 
Getf$^U l«UCtt$£Sl, fro, m& 

m (£E»s*a^gi-3«os***tr) , /t>F**y 
^a^n-en— 5t <t & sa*£&# £ tc <£ o l t 

e, C^"#^©MSr^bTV^o IMEIfr 6*3^-5 cfc 5 

tc. s i i-x-y Ge x c y ague ©^tctiu n-r&.& 

0. 5%£@*_Tfc, 1. 0 X£trtT»ntfilS»tt**« 

n-rKASFtcfiifcnTiriscit^teA^*. si 9Ktt» 

[0 0 4 1 ] El 2 0 (a) ~ (d) S i i- x Ge, 
^Sli&LN'S i i-x-y Gex C y «AB ©&&£(;:«(? 

so zmmmiz&zxmmffix^z b^<Dmt^^-rmx'$> 
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£<, t<Do*>, 02 0 (a) , (d) tt, ftlftlGe 
2%, 3 0. 5c0Sii-xGe x ^I 
(DXmmVrTsU? h;M0***U 02 0 (b) , 

(c) GetW2 1. 5%, 2 6. 8%tC:fctt 
£ S i i-x-y G e x C y jgH/I £ S i i-x G e x 

-TBIT^^o 02 0 (b) , (c) IC^-TS i i-x-y G 

e x c y %s&m<Dmmz. mi 9toiBj6/si:^iftt 

[0 0 4 2] 09*_H 02 0 (a) «r#flg-r*t. 0 & 10 

(fflnt^S:^) ££^e>> S i i-x Ge x *SI!iJltf>ig 

0 1 8 fC^f t>T^0. 5%#iEt*5S ii- 
x Ge x «B»<0ffl/£lCfflS-rs. 02 0 (d) 

tC^Tcfc^tC, GettW3 0. 5%tcte£<h, jjfcfct 
H*fr&^&«Tfei:> 0#<Z)®^H-^©MW£^£ 

fc<ttt>TH*iIi*>S» S i i- x Ge x &JiiecD&il 20 

*tafMU. 0 %J^_hCDi5BtC&£S i i-x Ge x 

[0 0 4 3] 02 0 (b) CC7)^ 

#^0. 3 3%T*SS i i-x-yGex C y feSJltC 

SMfcUTH&H (WnT^ft^) S i i-x-y 

Ge x c y jeaB<DjeattttJt«»a»fcffifcnTii 

5. tu5^, COtWOO^OSii-xGexfe 30 

*7<Dmm\z&tt%>—& f =LVKy -v>^M-zn$-y 
tf^WmiZta-DT^ZZhfrb. S ii-x Ge x ^n/i 
<D&&mm<£lsT^Z>Z.£ftt>frZ>.> 02 0 (c) \Z 

[0 044] @1H S i Ge CH7cSS^«ftfc43tt 
5GeWC0^tA>h^t7y, 

**«UM»ttC<&***3lU ^O, Si*a (JE«ffi 

9, 020 (a) - (d) ics^-^ssttw-sn 

S i Jf±<£S i Ge CJf tcistf 1 . 0 % 

ElrtT?, d^A>H^^y^«e*<DSIfflW3teS i Ge 
(Ge^W8l0%) ©/OK^ty^ctOfe/hS 
<T#£^«T&£<> d<B««H S i |-x-y Ge x C 
y t»5fe3ftSSiGeCi:^T, GeOf|$S 

ffigft ®:y= 0. 1 2 2 x- 0. 0 3 2 50 
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\S.B © : y = 0 . 1 2 4 5 x + 0 . 028 

EH ®:y = 0. 2 3 3 2 x-0. 0 233 (Get 

BIS ®:y = 0. 0 6 2 2 x + 0. 0 1 2 7 (Get 

0%£f2£n^ffi^Ji<Dm/££WT£S IGeCIH 
[0 0 4 5] l^bT, X$7^I, ^-Xl, nl/ 

t, ^-xi* h i o k y h Ay f >^*snftii« 

*<£>S i Getll » : fS*JCit)*ffl±BIIBT*-3*: 

[0046] i^bx, *mmz£tx&. ^-xn^c 

#fitl/TS i Ge CH7Cjg»¥W*»»*a«-r*d 

[0 0 4 7 ] Bill S i Ge Ci©T»I^S 

i [CGe^C^>^W^^T^> SiGeCl 

[0 0 4 8] -'xfn/H*-^ h^>v>X^tf>:£:£Mg 

0 2tt, *5gM«riSfflL/5*10(Z)^JT*S, S i Jgfi 
A^&Snl/^^It, S i G e Ciena* SteS'K— X 
It*tt5^PAW*-7 H^>^X^C7)Sffffl0T ; 

[0 0 4 9] 02 lC*Vf <fc 5 tC. Si S«c 1 ©±Ktt, 
L O C O sm 2 tCJzo Tffl£n<5Sg 1 (Z)ffittMfeJcRel fc 

1 <D R e 1 » 2 CO fg tt® £ R e 2 £ <D M izm. 
otl^o S i StSl tC^^T1t^nU^^g3 

3L<D±lZ\tt]£?*is*)\,!&m\Z&^TMt&2tlitftZ 1 
©¥»ftI-C*§S i Xfcf^*>"WWB2 Q&mtzti 
T*50> C0S iXtf^*yt;H2O05"S«l©?S 
fti«ReHctt3l/i7^i3b^ »2©«te««Re2 

& 0 s^tc* siim^i«2o©»i(ofitt(B 

Snt»2©*«#||T*«S iGeC|4i, * 3 <D 

S i GeCB4RtfS il5ft I«OS i iW^y 
fiH2 0^«mUT^*BS»©±TH#«SftRttta 
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f)i, LOCOSR2©±TU*«SIBi:&oTW. S 
i GeCI4l:t5tt§3l/i7^I3 b <D±35\Z$LWtZ> 

0. Xtt^<-X»8 aCDMJjCDmmzt*. SiGeCl 
4, Si|5RtfSi«tRlrtO*aH»8x, 8yS^ 

[0 0 5 0] ildT, fttt^-XJB8 a£Pl/^S3 10 

IfcjObT, Xtt^-X8a-ni/^^I3bfl©S# 
S llW*->t;H2 0-S iGeCI4HBO« 

a-X^y*B9[HO»#<!:, SiGeCl4-Sil 
5IBCE>*||Li:©tt«H«fcOlfiTt>n«-C , *«. Six 
W*yt;H2 0, S iGeCi4R^S i!5|^± 

3l/^^|3b, *tt^-XJi8 aStXXS 20 

[0 0 5 1 ] S i »5CD±fcttJSii«©pffl^ 

»mBSG (Boron Si 1 icateGl ass) K6*«R» 
^nt^T, iidi^ffi^— X»8 bfcte. ^0BSG 

T^§. fit, BSGIB6<©PBPa)ftlBtCttJ»l»*if 

Sl^y^lSl l3W»fiEStlT^S. fit, COX 30 
^ 7^111 1*^X5 y^/f 9ftfCn^M^ (00*. 

SPFKVs (>J>XI48k«> #xtf**$/r;W«fil*Kin 
-situ H-^:J:oT*ASftT^Tfe«kK 
[0 0 5 2] Sfc, S iK«lrt©*2<Dffitt««Re2 

3c©±l:ll a^^«I12*6a«Stltnfi? 

M%£^trpu^p>^ hg i 4«^nt^ 40 

So 

[0 0 5 3] ££tc, *«<7)±B±fctt, tfty'J3> 

Mi 3»c»j«$n&n>^^ h*-;i^^UT±i£cD 

X^y^till, Sil5, 3l/^^lI12Cfn 

-engEiRsnsA i iE«2 i, 22, 2 3r^t^nt 

l^o r^T% ±i£OS i 15MS i Ge Cl40^ 
^$tl^nSI5^-XS8 btCOfta*£feOTifcD, H 
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[0 0 5 4] CW^C^^^^fn/H^-y h7>v 
X^te, Xtf^^->^;«S$nfcS i Ge C14M 
S il50±C, iPS:tt^TM«lH-^OBSG 
K6^ML, C0BSGI6^6pS^T^^ 

s Gi 6 ob p sntxs y i l^ex^ 

9a$MU:t)WTW, nSB^— Xl8b 

£iH5iigX£l 7^19a tttlrifnfeBS GR 6 <Z)M P 

Gl6^KPl:&2i^«l:M1-§^a^ 
[0 0 5 5] ^(C, i3 (a) - (k) 

[0 0 5 6] £t\ 03 ( a ) (C^-rigT, S i S« 

m^mm^tss i xt?*>/t;H2 o ^xtf^^v 

-Wl/J53tfiS1*T, COS iXt^ + ytJH2 0O±C 
*1, *2«te»WRel, Re2£BtTLOCOSig|2£: 
^T^c xt^^ytiWfi$nf:S ixk'^ + yt 
1 1 OffittSSRelttt^ I/? ^1 3 b i: 
40, fg2 0f£t£M^Re2Ti;ixi l^^^^^-J«3 c 

[0 0 5 7] VK\Z. m3 (b) fC^TXgT. X1SO± 
B_ttc, UHV-CVDSWO, JiSdiaja^TSBa* 
*<»»JC3pp> & F-^bfcJP*»5 0 nmOp^S 

iGeC!4i, 7>H-7'Of^2 0nmOS if 
5 <h^Iii^xe^^v^;^fifCckO^T^)o cio 

S iGeC!4R^S i!5H y'j3>iWl 
ttSbfc^O±T^^ H B B RT^0. LOCOSI20 
±lCtt*JKSIKT*S. C0i^ SiGeC!4« 
fi^itS&gHCte, UHV-CVDgi«, z/z/^y 
( S i 2 H 6 ) Oiffifi£ 7 . 5ml /m in., 
> (GeH4 ) Otf?tft£2 0 m 1 /m in., ^^;i/-> 
^> (10%S iH3 CH3 /H2 ) OfiftS^ 10ml 
/m i n. fcU JBKfiiBSSrS 0 Ot^L, tfcSJE;>j£ 
^J0. 53Pa (4X10-3Torr) fTS. 
S i M 5£j&fiSi*£IKk:tt, UHV-CVDglft 
*Tr, z/is'jy (S i 2 H6 ) 0«Efi£7. 5 m 1 /m i 
n. <fcU ^M^5 5 0t^:l, tfcgffi^S:^ 0 . 
27 (2X10-3Torr) £~TZ> 0 ^bt> S i Ge 
C!4^Xlf^ + ytM&$t^KO^P>^At 

^^^ssow-rscifc, Mt^ctpi:, pi/ 

^-X»^«tS 115-S i Ge CJf 4P* E ]Oit 
[0 0 5 8] Sil5 (S IWftSJURfttfS i^ 

««<Dna**G«i (»J>Xf±Bt3R) £in-situ 
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[0 0 5 9] 0 3 (c) fC^TXgT, S i Ge 

x^>^fc<koTl&irr4o 
[0 0 6 0] *tc, 0 3 (d) [z^-rxmx^ SSot 

ffi±JC8%a^#P>*$tVlP*»5 2 0 OnmCOBS 
G (Boron Silicate Glass) i6^SECVDffiCci:D 

mmvr^m. 7* h u v ^ 5 7-f -iistf k 

~F>^XglC£D, BSGg6W-Z>^bt, B 
SG«6©3ftJ(S2flDStt««Rc2©«»tt±IifWlCl» 
*-r«— BSGjgl6CD5^fglcoffitt®^Rel<a_L 

[0 0 6 1 ] ^CtC, 03 (e) tc*-rxg-e> CVDS 
£±•5, S«©£B±KJP*tt 1 0 OnmO^SSfbSi 
7£*M»T*. ^©ftHSfti 7 tt*IiTOB S GK 
6*>S©#n>K1Rfl!)|RK:, BSGi6^^ffi*f:* 

[0 0 6 2] Sfcfc, 03 ( f ) &C^-rXfiT> RTA 
(Rapid Thermal Anneal) j£tcj;9> 9 5 Ottrl 0# 
X<D&Mm&ft^ BSGI6f(?)*P>^ S iI5 
©5"6BSGI»6©T*Kfi«'r*»» (O^DBBP6 
a<Z)JlHl£&g*r5gB#) , S i Ge CI40^BS 

%BSGIK6a)T**Cffi«T*S»JCi£IRS-&*. CCD 
XS^ctt), S il5^l/^j7l3b(D^^BSG 
l6©T*l:ttlT*»»8x, 8z.btOSP6a 
<OHKfCfi«T^IB5» tepSK&D, SiGeCi4 
©5%BSGi6 <Z)T*^ffi«"T SBP» 8 y tt p S^FSE 

P 6 a©«H^fiJl-r*«»fc*^Ttt, SiJlS, S 
iGeC|4Rtf3|/jr^|3bftOft8»8x, 8 
y, 8 z CI^)W^-XI8 b^M^n^o Z.(DL 
#, _hi£<7)019, 02 0 (a) - (d) K^rT J: 3 
fc. *^Bjc0S I G e ClOtllttaafttS C tft 

[0 0 6 3] Jfcfc, 0 3 (g) tC^TXflT-, 
T\ B S GJ!6c^ffl®tCit-r ;n OSMt* 

[0 0 6 4] 0 3 (h) tC^fXgT, X5y* 

nfc#U 5/ 'J 3 >IS L P C VDSi:<k 0«8 L 
K5^f X^>^lC«fc K>. CO*'Jy'j3>I^- 
x>^LT\ »l©ISttlMlRel±lcttX5y^«l 
l£\ *2®Stti«Re2±l:tt3l/?^til 2t* 
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[0 0 6 5] JfcK, 0 3 ( i ) fC^TXST, CVDi£ 

[0 0 6 6] #CtC, 0 3 ( j ) tC^TXgT, 950 
*C, 1 5 s e c<Bj»#lJl (RTA) fCckO. X^ 
ffil l^bX^7^I9WS i GeCi40±W: 

10 4o £<0£:#K:*>, Xa>C7)01 9, 02 0 (a) — 

(d) *^SiGeCI^MJ 

[0 0 6 71 *1:, 03 (k) fC^-TXgT, H7^X 

s iiswni/^^iii 2K*n^naisrrs:3> 

MmtKMcRl 3 0)±HI^T, A 1 SB^2 1, 22, 2 
3SMt§o 

[0 0 6 8] £tT©€-*Jfi«88tC43^iTtt, 0 1 fC^T 
20 3H« t 3lo»0S*, A>K*t7^©»ttS#Ib 
H2JC*T*ifit#UH3 (a) - (k) (C^ 

X^CD^ig^KiSXS^ H2^*-r*iS^H3 (a) 

- (k) ^*-r«HsxstiS3esn«t>oTtt?a:^. 
[oo69] (» i (Dmmmm) s-r, s 

jfflEfcODS i GeCI4i:j;DMStlfeS i G 
e C - H B T \ZM~? *>fll 1 HTUfflt 
30 4o 

[0070] 04 (a) - (c) ^n-enjiHtc> 

*(DN P NiS i - B J T©X^M-A> Fffiil, 
&<D%8— «^-Xl$:tt^)NPNiS i Ge-HB 
T©x*;M?-n>F#lie* *«WK«fc*i3— ««S i 
Ge C^-Xl^ttl)NPNiS i Ge C-HBT(D 

x*;i^-/\*> K«^£^n^n**r/t> hht-*s. 

[0 0 7 1 ] 0 4 (a) 3 fc, ft^CDNPNS! 

S i -B J Tfc4oV>Tte, X^ yA?-^—7.m\Z%>rtZ> 

^^r B itc^^4e^^riwi±(o#7 = ->->^;uMA2 

fffi^±^T>yt;HB 2 £ttSV>fc*L^. 

[0 0 7 2] -tttfcfcfU 0 4 (b) \Z^<ko\Z. 
*(^)NPNIS i Ge -HBTfC&^Tte, ifoM^ffim 

±(7)#f>ytMB 1 ^x^ y^-^—xpilicJstt* 

4o l^bx, x^ 7^^b^-xi:i^n5^t U T 
50 «JESifi<T#. fi«EE«ifP<b*l|3S['r4Ct**T* 
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So 

[0 0 7 3] tzfcls. ±^Ock-5 IC, S i Ge^-Xl 

t> s i Geits i m£<Drt> y^is^ne 

;HB1, B2tfi»ffH±0#f>'>t^8Al, A 
2 tCDm (Bl-Al) ^ (B2-A2) fc-tnSg* 

[0 0 7 4] El 4 (c) ICSf <fc 3 *^BJ(7) 

NPNSS iGeC-HBTl:*^TH X^7^I9 

^)imB 1 tfi»fifH±0#f>'>t^A 1 £<£>M 
(Bl-Al) ^\ JH4^-X/18 a -a U??m3 b 

B±(0#f>ytiHA2 <h£>M (B2-A2) SE 
^CONPN^S i Ge~HBT<fc^^<t§^t^ 
S i 

S i Ge (GetWl 0%) 
S i GeC (Ge^f$3 0%, 
LfcJdbT, ^0ct5&fflfi*ftSS i Ge 

-f #—5 h^>^X^tt, SittfetctOS iGel:J; 

oTiissft^^-xistt saw*— 9 h7>yx 

Slt^T'fSo fbt> CcOCchtCcfcO, 04 (c) 
tCS-Tcfc^fc, i5y^9-Rtt^-Xi8alBl:* 

^^ffi^^iti±cD*^>^^;niB i t&m^m±(D 

*f>ytJHAU0l (Bl-Al) Kt*^<— 
XH 8 a-3l/^^I3 bnfc43tt*ffi«^|!S±<D# 
f>ytiHB 2 tg»»H±©#f>>'t;H6A 2 t 

com (B2-A2) fimtbT*z\,\ {&mmmmt^n 

[0 0 7 7 ] B5H ***S»J8fc«S'\T-D/W #— 
5 h^>:/X^CD^— X • 3 1/^7 ^®^<£>^-X lEft 
W>*)),7ny h) ^fi£*C7)S i-BJT, S 

lGe-HBTtlt«LTStBT*5. **Jfi»8B<D 
^£<> A>K^^^y^/h$liS i Ge CCi^M 

SCtCcfcO, • ^-XP*l(OPNg^k:£>tt£ 

S iGeHBTtJt^T, ffi«JEET:*c#ft:rJ U£7^««t 
■ #*&6»J8<BS i Ge C-HBT 

[0 0 7 8] B21, B2 2I1 Gett¥*«2 

1. 5%, 2 6. 8%0tf©Sii-xGex^IK 

ZtS i i-x-y Ge x c y esis^-xitLTtn 



C^W^2. 1%) 
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18 amsnsS i GeC14©M^ B1*(0 

^O, Wt^-^i 8 a ©A> t 7 
<Z>mm&}&S i Gejf (Ge®§t$)i«fil 0 %) ctO 

[0 0 7 5] «OS i-BJT, «0S i 

10 Ge - HBTRtf*MOS i Ge C - H B T tc:fe tt£ 
^— XlSiiJSfSS i , S iGeStfS iGeC0A 

[0 0 7 6 ] fclAtf, *HJfi*ffi-c»4. ^-xjf£«/& 
t5S i GeC©a«SGett*!)<3 0%TCtt? 
#2. UtbWS, 0 1 fcjj^r chile > com/Stc 
*^Ttt, tt^S^l. 0%«TT^0, Si, Hiffl 
M4S iGe, *S£JS»ffifc:*5W-£> S i G e C £>A> H 

1 . 1 2 e V 
1 . 0 4 e V 
0. 9 5 e V 

- Ic 4#tt Dl/?^-l5y^B«Et3l/?^t« 
£CDM«) *^fBIT*S. B21, 2 2^6b*^<t 
o\Z, Sii-x Gex»a»*ffl^fc;H#-7h7> 
^x^fc*^Ttt, 3U2^««eic 

j5^^5o -Tfeto-fe* S i i-x Ge x <£SJ!£m>&A 
30 -f#— =y h^>z^X^iZ^X\t. Ge§tWl0% 

[0 0 7 9] tn^lT, S i i-x-y Ge x C y It A 
HSrJS^fcA-f b^vX^tC&^Tte, n 

^tt«E I c nfimty^v HC& U a U-i? 
^«8E<ovcE«#tttt*ne^*:*<fe^ 0 Ufe^o 

T, #*J&6J£j£<Z) S i l-x-y Ge x C y feSJlS:^— X 
■ tl/Tffl^fc/H#-7 h^>>>X^tct* Ge§t$ 
*<2 1. 5%, 2 6. 8%i^5fi»TiS^lT*oT 

[0 0 8 0 ] -Sil'SiGe C B©*#^iS6D«|jg 

h^>^X^<0U>£^trX5^Jf 9, #n> (B) 
^Mtt^-718 a&tfU >Sr$trn l/^^Ji 3 b 
<£>P/&tefi<h, SilW^>tJH2 0, Si GeC 
H4S^S ii50*«filt©Hffi:^^T, 06 

(a) , (b) -09 (a) , (b) *#l!BUfc**Sltt 
gTT*. 06 (a) , (b) -09 (a) , (b) \Z%> 
50 v>Ttt, S i Xt^ + ytiH2 0, S iGeCI4S 
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US i*5©»j«{t«SGe&WC©**IJc«fcoTK»J 
U x^7^19, K14^-XJ18 a&tfn 1/^^13 

SO. S i Xtf^vWWf 2 OMS i JfSlCteG 
e, Ctt^fnfc»ASnt^JS:^Ct^6, Get* 
*tC^#*t*«Ba*$nT^*S i GeC14It, 
S i Xt^ + ytiH2 O&tf S i 15«!:«» 
Snt^*, Sfc, X^7^I9Mal/^7^i3 b\Z 

077<;W<E8Snt^5*fi^-Xi8 a X^ 

3„ 06 (a) , 07 (a) , 08 (a) &tfB 

9 (a) tC&t^T, X^ 7^I9M3|/^^13 b IC 

[0 0 8 1 ] 06 (b) , 07 (b) , 08 

(b) XtXH9 (b) fC^Tte, Ktt^ 

[0 0 8 2] 06 ( a ) tt, ±fcmiZi%~ffl.f&<D S i G 
eCJf4£<i;t, ^-X«8 a£#f/£T£fca6GD^n> 
A«SiGeCi4±0t)l£li|61, -oSOSixfc!^ 
ytiH2 0WS i Jf 5F*3K:K — ^S*lfc'Vr L aA-f 
^— ^ h7>v7^<DS i XfcfrS^v-WWI 2 0&£KS 

(b) tt, 0 6 (a) ^t^^P?/^;^^ 
§h7>yX5 ? 0X^-A , >Hat^^o 06 
(b) ^*~TJ:^tC, S iGeCl4(Z)^flJ(:x^7^ 
• Si-S 
i Ge cr^^\fog^ffi«g^(:f^^^^ 

**n&«^tt, ^©»^»i:H6 (a) K^Tck5 

*tt^-Xl8 atSi GeCi4jd^l»tlll 

[0 0 8 3] 07 ( a ) fcfc, ^tfWtdJg— Ifl^Kco S i G 

**S i GeC|4rtWC K — ^Sftfc^D/H 
7h7>yX?0S i Xt'^ + ytJH2 0&«S i M 

z?m3b<D{tw£<Dm&$:^'TmT*$>z>o 07 (b) 

B\ 0 7 (a) yy^f)^^^> 

>s;a^©i*k-;ohbt»5. 07 (b) tc?s 

fJ:?^ iKZHB^fC te07 (a) H^fct^fe^^D 
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HU ft*<7>S iGe-HBTTttl5ft&^fe©T* 
3 0 S i /S i GeAfDg^, A*> 

Ev £LT«*U &mmzmZhAj£7$T>i'*)\'<D& 
i*^4i;&^©l:»LT» Si/SiGeC^Dg^ 

§u<hl:@ilt^^ :^)Si/SiGeCA 

UTCDSgn^iK^^o ^^0> 0 7 (a) (c^-TPig 
tt, #D>£S i Ge C|4ft©*l:»Al/T^5^T 
iidfJL^^ SiGeC!40Ctf$WGe^ 
$^tlTS i Ge C»4 feffljGfcK: 

[0 0 84] ft^ ^Pyft^piWW^SiGe 
CJ14^S^lCtt*ffiT^Tfc> nSWW^A^tl 
20 T^^i«ip®^W«A$nTl^®«i:^- 
A-^-/:/l,T^££K:cfcD, pISWSiGeC 

[0 0 8 5] 0 8 (a) fct, Wl4a^-a^, 

(^)S iGeCi4^IA, ^-Xl8a«^^ 
0O#P>^S i Ge Ci4rtWC K — ^Sn^^D 
5 h7>yX^0S i Xtf^^v^;Ug2 0 & 
tfS i B5<ZH£«£. Ute^— X«8 a, I5yj|9 

30 i GeCl4(0T14btt^T, GeM$WC§ 
t$^**l4 a^5S i XW*ytJH2 0 tC|p]^ 
3#fiK»*lC«/jNLT^£. $&, SiGeC!40 
±l4cl;^^T, Ge^fMOTttWS i!5 

T, B**a»ASnfc««-C*^Ktt^-XB8 att, G 

4 artt:at$nti^o 

[0 0 8 6] fcfc'U £(0Ge C$*F*<B£fb 
[0087] 08 (b) tt, 08 (a) K^T^SEft:/ 

D7r^fMtn K^>> ? x^or)x^;u^-y\*> H0 
T&£ 0 08 (b) \zfskT<kolz. z.cDM&lzte^u 

mmzm±rtVTbm±s y^tanft^. ^so> g 

cnfl S iGeC14©T!4b, _hS 4 c IZ 
50 £fc*C*n&*£«fbLTtr>*fc«>T»*. *<Z)*S*. 
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=i 1/ * * K «tn £ fjsffl g R£F $ ft Z> Z. £ tttt 

Xft^-Xi8 a^Si GeCi4«14 a 
£-t*r£<h<ht>JC. S i Ge Cl4tf>5*>S i xW + y 

-f #— 5 h^>^A*<£e^tC*5tt5S i Ge CB4 

d^s i xtf^*>"WH2 o^t>tt^*»»T?Sf*n 10 

-5. *14^-X18 a^Si Ge C®4tf>4 I 5ft 

14 alCfl^SttSfctfeK:, S i Ge C14<D5*>S 
i I5«gf^±!4 c tC&t^T, Ge*t*RtfC 
^W^£S iI5*6t*i4 a{C[p]^3*r^tC^^fC 
C<h Kit), ^P/H*-7h7>yX^ 
©e»«FfC*ttSS iGeC!4^6S ii5^&3j« 
5 A u 7* y y ^SS^r* <B *#8ft Kit 

[0088] B*«»Asn&««"r*aKtt^- 20 

718a*«S iGeCi4©S«B54b, 4cC^oT 
V>T*>, Itt^-Xl8a^SiGeC14^e(M 

^(DrnzLbwrn?* z. t 

[0 0 8 9] S i GeCl4WT!4 b, ±14 

clC&^T, Ge^#*a^C$**ttBI8 (a) 

a^SiGe CI 4 CO 5 ^ffel 4 a^$nt(/^ 

S iGeCI4^SM84b, 4 c tc&tt 30 
§Ge **** C^mmoimt? Z> MVtlZ&^xm&W: 

[0 0 9 0] E9 9 (a) tt, t*l4a^-a«1?T 
114 b, ±14 c«4M (CCD^) <£>S i Ge CJg 
4*«*_* ^-7|8a«*jSt*fcftO*P>*<S i 
Ge CS4F^C7)^{C K — :/£ftfc^uA-f*--^ h ^ 
>yX^0S i Xtf^ + yt;H2 O&^S i J§ 5 

3b^fifi^:4*t@T*ft§„ S i GeC14 <D~FWI 4 
btc43^T\ GeM$li-STC§tWSixtf^ 40 

/MTt/^o S iGeCl4(D±l4cC^^ 

T, Ge^f¥^-STC§S¥*iS il5*5t*i 
4a(:W^^C^Cl§*lTt^o ^bt, B*t 
^A£nfcM^T&£Jltt^-Xl8 ate, Gett* 

[0091] 09 (b) fit, H9 (a) \Z^^Wm^ 
Tfe^o B9 (b) \Zffc?&o\Z, Zom^Zfe^u so 
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S i Ge C140T14 b, ±14 c \Z^X. fc^w 
I** 7 -fey hS*i;$**JRHt«:*C***^ 

H«Sft*c:£ttfc<, *Y •J70)Sn^I<^5C ( h 
T&fr^ Xtt^-Xi8 a^SiGeC!4 
©t*!4 a SiGeC140 
^Si X^+vtJH2 0»C»»-rSTJB4 b\Z& 
^X. Ge§t$^T^oTt)CM$^Wl4 
a^es i lt^^ytiH2 0 (C[^^3yjfpJ^^^ tc 

coe^tC^frt^S i Ge Ci4A^S i Xt!^ + yt 

)vm 2 o \z~DU&z>w>ftx'm$Ln u r^y * ^atsssrr 

XI8 a£S i Ge C14(DWf4 a f£fi-&$1££ 4: 
t*>\Z, S iGeC!4(Z)5%S il5CSISt§±I 
4cfC33^T> Getfftt-)lT»t)T ! bCtt¥S 
S i!5^6S i GeCi4WWl4 &\Zfafrol5fa 
lZ'&*\zm*:2 J £Z>Z.£\z£0. >\fP/H*-7h7 
>i?X?<D&mmz&Vt2>S i GeC|4^6S i 15 

[0 0 9 2] BA«»ASnfc««T*5*ffi^- 
X!8a*«S iGeC14CTi4b, ±l4cfcSfo 
T^Tt), S iGeC14^e>tofflt^^ED t ^ 

[0 0 9 3 ] JW±c7)ck3{C. S i GeC14<hS i!5 
>P^G e -&#*^»4r JcaEftT *«»»«fc-r* C £ \Z 

[0 0 9 4] S i Ge C14COT14 b, ±14 

»tt^-X§8 affiS i Ge CI 4 CD 5 ^ +*1 4 a 
fit$nt^^^i:lj;> S i Ge C140T14 b, 

±14 c \z&tt&^mmtfimt-?z>7u7 r< ^«t»ic» 

[0 0 9 5] **«»»Ttt, *tt^X!8a 

^GeM$^3 0%, C 2. 

i S i Ge C (S i 0.679 Geo. 30C0. 021) 

CctOMLTl^o ^M^tnSiGeCl^ 
S i l±fCX t 0 ^S^;H£fi£^c^'&, S i G e C 
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JBttttl. OX©BEttS**SWfcttffii:a:oT^*. 
£©£5 ft. EMl&frG:&Vt1tVtm<Dl&l3i&miRls1tm 

T?tt. ffi^Ge^*^&i^^C#^£WLT^T 
fc, li^Ge§t$XliCM$&tLt5fI&ltS 
iGeCI©/\*>^t7 ~f t |BI@g<£> A >K*t->y 

■5ffi*g^*-*S^fcS i 0.679 Geo.30Co.021B ©A 
>H^t7yii0. 9 5 e.VT*5i)i. £*1£:|5|^©/Jn 

Ge^t^4 2%, C-^W^^5. 1 % (CT-Si&g** 
o$0, G e tt$fe C MffeAt < 1 

[0096] @io(t ?-?\zmwL tern i zmmitL 

T. 1. 0 X«T©ffitt£**£t**««*jS-rttffiB 
T&£„ @10f©K7hAyf>^ffiLfc 

iz. csiim<Dm±ZMffli<-z>-D, tttt&aMtexffi, 
#-5 ft if fc/h£&A> :7*£*tt^— X Jl tcitfc 

ItSfcffcJCWu Ell O+tf) K>y h/\^^>^*JSUT^ 
tSMR a CD*&fK£*rrs SiGeCI?:ffl HT^-X 

[0 0 9 7] dro«fc5IC, S i Xf^ + ytJH 2 0 <D 
±.\ZX.\Z9*is*)V&L&\Z&K>mj$i.ZniZS iGeCl 
4^fT5'\ro;H #—7 h ^vX^tCiJI^T. S 

i G e C14 ICioTat3n?.Stt^-XI 8 a £12 
It, fro, S i Ge CI4$»fI*dU. 0%jy.rtT- 30 
A> K^-v y X^/hS < ^SipftffrTG e , 

TB&f£U 5 ^IfrffrSSroiiS^^D A-f 7j?-5 h7>^ 
Xi7&mm-TZ>Z\£tfT'£Z>. ^©i^iSi/ 
S iGeC^fD/H#-7h7>yX^li Siffi 

mm 2 ni us -> u n > ya -tx *m ^x&%,\zwf$ct 

[0 0 9 8] ft*. #36i6»ffiK:iSV»Ttt. nl^^Jf 
3bSffl5vi'I9SS i#-M*tt*«iiKJ: 40 

©T?teft<r>. tctXM. S i Xtf;5^>^jlWI2 0^>. 
S i Jf 5 ICG e-^C^-^^-ttTfc. S i GeCI4©fe 

3&*s»#t * z. t it vim-v&z. 
[0099] (m2<Dmmmm) x\z. jus^-xhs 

afimmmtfLS i GeCCiOMSn&S iGeC- 

h b t \zmrzm, 2 ©igjfi»j8cot»TRwr a. 
[0100] 111 (a) ~ (c) «. ^-n^nse*© 

*»8U8C<-XiStr5S i Ge-HBTffllM 50 
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tt5S iGeC-HBTCI^M-A>KI, JiOS 
*nMMmv>S i GeC-HBTfflGet1$, C^W 

[01011011 (a) iC^f =fc 5 tC, ft&CD S i G 
eA,fnAW#-7 h^v'XrS'lcii^Tte. 0iJA(i^ 
-xg ©-p^xs ^Btcirr&SgB(c*>tt3Ge-g-:fr 

(«*.tfox) x% ^-?,m<Do%ziu>7i?m 

i:gt5«asi:*tt5Ge^WI^ (flitflO 
%) £fc*J;3fctt#WfljfcS i GeiCJcoT^-Xl 
itcAD. S iGe^-XICW^XS 
y ^»tC«-r*»»©A> H^r 7^iMC 1 T. 
S i Ge^-XJBK**t*3Ud?^Jit:8S-r-5»»©A 
> H^tv^i^ttC 2 <hfc*J:5»C*J5!cT?*<5. ^5" 
LT, CC±5&«»HSSIrtSS 1 GeCJ:!5i«J 

— 7 b5>^X^<DlWMK£2 £(Cft±£-tt-2>;i<hfr* 
RfSBKttS. LfrU f£*©«*k<— X*iSS*-r* S 
iGe-HBTTB, ^HR 5 ^*** 0 . 5%T'$>Z>Z\ 

gg^C0Ge^W^^2 0 %ggSTb*7Ct<nct 

0. 9 7 e V£tTfC-r-&Clt«saiTa&ofc. -?-<Dfc 

d&. ^— x»fci*»t*e»#s8i©«*»©e«'b. (i. 

12-0. 97) (eV)/t = 0. 15eV/t (t 

[0102] 011(b). (c) (C*-TJ:3 

fc, *ftJfi^Ofttt^— XB8 aSr^-T-SS i Ge 
CI4©t4;i4all, S i ft 5 (X5-y^J!) Ic^-T 

S i iU SiigM2 0 (nl/^/f) 

C«T*a8»K:*^Tf4Ge**r*S4 0%, C-&*rfl! 
* 1 %tLTt^, fbt, S i G e CB 4 1C43HT. 
S i 15*5S i It^+->tJH2 0 (Cft^-37j[SHC 

Si&^TV^. fcfc'U S i GeCl4C*W5Ge 
^W*£C^fr33<h©ifcte-5t (4 0:1) KfilfcftT 
S i GeCl40T14bl;*^TIi, G 

t;H2 0 (Cl^^p73(6](C»^tcM/hLT^-5. fc^ 
L» *HSfi^fC*UTtt> S i G e Ci4ffl5^S i 

a i±I4 c £a«aM8L.fc8US£*rU HWfcsnt^ 

[0 10 3] Z\<Dmti. Ge<£-Gm&4 0%, C^W* 
j&U. 0%(DS i GeCSCD/OH=ft77"li0. 8 3 
eVTfe^o (1. 12-0. 83) (e 
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V) /t = 0. 29eV(290meV)/t ( t te^ 

^bT. S i GeCIf 4^C:fc^:^-&e#^^?Si<&^«^SS^■ 
bt;:*i*<-r-5;r £*>pntgT&-2>. ItAbT. *^BJ 
©S i Ge C/f fC«fcoT$$£n-5Xtt^-7.li(;:i5^ 
Tte. efi:co^^^iaA^j:^^t&^S*- (1. 0%) 
(gyv&T^2. 0%) CD$5B|*ITA*> K^-y:/6D 
b \Z±% < -tZ> Z. t»MfgT-*^. 

[0104] -r&fr*.> *nss»^©'\xoA-'r#-7 io 

A> h'^^v y y*ffiJ6T/jN$ < -TS - t^T* #3 Z. £fr 
b. A*> H^-V 7^ ! XS -y^tJ^bn U-^^#J(C|6j^ 

[o i o 5] mz. *mmmm<D£oiz> siGeci 

4$:, SiI5 (XS7^» *f.S iXf^' + ytJl' 2 ° 
112 0 (3 U-^iBJ) tCfatf^TjfafCGe^W^&tfC 

tC <fc 0 . A > b* v -y 5 -y 37 ffl^ b 3 1/ ^ ^ (»J iZ 

fafrvXftizmmmzmfrisT^z.mmnmmmifcm 

I^HBT^It^ui^t^. jyfcWtCH -big 
<V£o£i.S i G e CB4CDffifi£tCj;oT. SiGeCJf 
4CD5*.S i g 5 (C^T-50B»ro*&?-S**U . 2 % t. 

^*?S*l. 0%iO^^Itr*5. b^b, * 

SiGeC14Ml:fcfcWraf 
^^fig^ffii^^. *^JS^MCDS iGeCI4l; 
*3^Tte. S i G e CJl4cD¥i$#l&1#^3§*f;iO. 6 
%TS>0> CWMttl. 0 %J&TF»<iT&&6DT\ *14 
^-XI8 atC:fctt3i|g&©fg££:ig< d<hteft<. ft 
glteft^. flT, *14^-X®8 a&ffil$,-?2>S i G 
e CJ14^CtDJ;57S(«if4fflfieffijigi:-r-2)-<h(C e fct», 
S i GeCI4©IS -y PMtiiLfflfr b xi U-^ ^flJSgggtc 
IoT2 9 Ome Vt)<73A*>K^^-y^ro^{tA5#bn 
SOT;, +t'J7 (^ClTfSmf) (c^-r^J:0?S^m 40 

S i Ge C-HBT&m&ZttfT'Z&o 
[0 1 0 6] S i G e CM 4f*UZ&^TX.*A*r 

-JrWftfS i H5AvbS i Xf^ + yt;H2 0 fC 
[6J^ 5 ?j |6) (C Jf*:T 3 b iS^MT * & &■ 

tt&lr***, il^WtCig^:T-5«^tC«. S iGeCJi4 

rtcfe^T^fc:— JtwiraSS*** ^c^^ci*' 

[0 10 7] CCt, S i GeCm4<D±mzt>ft2>¥- 
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«to7Ss-&*i^. @ii (c) (c^-r^rt< 

IH4^.-XJi8 a£#|j&-f-5S iGeCl4©5^S i 

s 5 fcsm&asa- (xs ©m^^s un— 

ffl(£<hU S i GeC^4rtfC*5^TS i®5(Cft-r-5 
«4M»5S i *Sii8i2 OlzmTZUft (zUsf?mi% 
») tC[6]*^*(6]tcGe^#^*J;^C^**^ii[|S«1 

Ge$tf*fe«fctfC^**«tf-*£fc*'f*Ji4 a© 
xi l^^fflfcffifc^tattj*©!*^**^ %6tTt 

[0 10 8] *36«»(fiTli. S iGeCI4^EffiI 

m-tzs i Ge cm*ifimmui&%:m-?z>®&\z-o^-c 

[0109] 11211 01 £RbS i GeC£%g B H B 
*^{C^ttSGeS.Z>"CCD"^#*i:A> K^r -y^, 

mm$:m%<Dkt&--fet Lis.tfiE>ig.mmiz%zit2ii:2>m 

-a-W^W^fcTjfPl^^BKC^fcoT^LT^^. HI 2 
*>6b*«±5l:, S iGeCi4^«^I^SWc« 
S&T (01 2lClilJ-5^IWO%0lI±0ai») 
A>H^^>y^(W^S-&*«^-tCtt. SiGeC!4 

ififCiSV>*lfilK:aEfl:-r-5©T, A*> K^t-V V 7(D&Mtf 

T- A* > H =F \ y mm £ i± £ «f jS ttlU iig L T . S 
i Ge CJf4©ffi^M* : £rSttfc:®^Xtt?lo55DM*- 

S**5ltfc««T«)«»fil«tb&S , 5*«. Ge^C 
©•g-^SrT#«.^W^i< boo, J;D/JnS^:A> K 

^A'-y^^-r-s^t^-e^-s^-eMSbti. 

[0 1 10] £tJiWCli:*>b, *^MJPMcDKtt^<-7; 
I8aSr«St5S iGeC14l;*Utlt fef-mft 

%imzmt!-$-z>?&ft (0 1 2 (c^it^i&^^o %© 

filS±©^) SraSTC S iGeCI4©i«i:l 
««rttC*3t»T, Ge^W^*5«fc^C-g-*^&^fl;3l*- 

[oiii] £?t. *^ifi»a8tc*tiTtt, 01 1 

(c) \Z^-?£.o\Z. S iGeCI4©Tl4bl:felt 
^Ge^W*RZ>*C^W^§:4 , *g|54 a*6S iXh^ 

xf, mi ©nifi^ffitisi^tc. ^-x • ziv^^^m- 

M (S iGeC!4-S i Xfcf^* 2 
7"oP*il) tC&^T. ^A'U7 (06 (a) 
y-y^ (0 7 (a) ©SfifeSWiWb. 
^-5B^^^^y i >v-i';U©^©%^^fflIffifJbT. XA- 
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xtz/* > h mm * # £ c t #t # s . 

[0 112] fcfU Tl4bCt5WCM$^ 
S i Xfcf^vWHf 2 0^rnJ^-5*|SitC» 

5 h7>^xj^l:fe^Tlt T14bi:«»aaS}*fc 

[0 113] COcfc^lC, *Htt»»a)«»ftjBR*Wr 
3S i Ge C/f 4tCcfcoT#t/££nS«tt^--XJB8 a 
SIA&SiGeC-HBTICS^T, £e>lC, Si/ 
S i GeCAfo^HTCM$^Ge^t« 

[0 114] (»3<O^Jfi»») ^IC, Xtt^-X/18 
a»4«S i Ge CKcfc Dl^^n, ^I^^ 

g e c - h b t \zm~? 3 $mwm \z Tiffin -r 

So 

[oii5]0i3 (a), (b) \t. -en-en* &m 
t&mmz&ttzmmmms iGec-HBTra^w 

^-Xi8 a^tfcfSS i GeCl4^)Wl4 a <D 

x5yj^s*«ns iiscgnai^s i 

mj£Tte&<, S i ±0t>/t>K^^!y^ r CD/jNa^ 
S i GeXteS i GeClCctOMUW^p M 
tt^-XJI8 a&m&L-f&S i GeC14©WI4 a 
£>5*>, n\s>7**mi$Llr ; bS i Xh°^^yt;H 2 0 
S i J:Ofe/t>H*^y^fl!)/jNS^S i 
GeCCctOMlT^^o fit, SiGeC®4C0 
TH4 blc&^Tte, Ge^WCttWf*! 

4 a^e.S i XW*yt;H2 0 KlPjj&^^lpJKlffe* 
i:S/MTV^o S iGeC!4©±l4ct: 
*3^T*>* GeM$MCM$^S 115^6^ 

[0 116] fit, S iGeC14iS il9<h(7)£ 
»»H±©*f>'>t^Allt SiGeC®4£S 

i M 9 i(^)ttl^[pI±^*f>ytMB 1 £ 0 fc/h 
$<ITW, -r&t>*>* X^;/^ • ^— XfffltDPNgS 

"sittiibT^s. fc*. *2 0*«»»tR»l:, S i 
GeCl4<hS i Xh°^ + ytiH2 0 ^CD^?nr|p|± 
C0#^>v^;|/MA 2 tt, S iGeC!4fcS iXtfj^ 
*~>*;iWi2 0t©itffH±O#f>'>tJHB 2 

[0117] SiGe Cl4rtl:^^T, S i If 

5 £srr*awfr0>n> k** * 1 «s i xwtv 

tiH2 0 i:»tS8»©;t> K^^ y :/C 2 £ 0 t>* 
#^^o 0*0, *tt^-Xl8 a^ffiffc-tZS i Ge C 



30 

l4(DA>^t7^S 115 (X$7^«) frZS 
iXt'^yt;H2 0 (uU^fflJ) tCiRlA^^rnjfC 
iS««K:«/JnLT^£. OSD, Si GeC14IJfifi 

i G e CIi«l:bfc-5^W^I*itt 1 . 0%£TF 

[0 118] **«»88fc*V>T«fflL&S i G 

e CB4 0D^M^m^tCO^TSiWr^)o fllAtf, S 

iGeC]f4(7D5^S iHSfCffi-TSBB^ (X£^^ 
#J) (OGeM^3 0%, C<Smm*3. 3%iU 

six^>tJH2o avzzm tc*rrsss# 

OGe§t^^4 0%, C^#^^r3. 3%<h"rSo o 
SO. S iGeCl4 0MiSW:^^^CtW^5^ 
tC^L^o fit, SiGeCl4rttt^T, Get 
&m&S \B5 (X$7*«) #><SS iX^ + ytiP 

20 120 (aupfM) \zfafro^fa{zmmmizm*:isT 

[0 119] &*3, *H3Sfi»ffiJc*^Tfe> S i Ge C 
J14rt^45tiTX^;i/^— v-fifiS i!5)5^S i 

x tf * * ^ 2 o icfa^ 3 #r«] \z Mtt s 

^tcte, S i Ge CH4rtfc*5^T««C— ^CDjBiSS* 

[0120] d S iGeC!40^^S iI5C 

30 STSSfcJ* (Ge3 0%, C3. 3%) IC43^T, A> 
H^^^y^O. 9 9eVT\ WIW0. 1 %T$> 
So S iGeC!4©3%S iXt?^ + yfjH2 0l: 
ttf^SK^ (Ge4 0%, C3. 3%) fccfevvr, A> 
K^y^O. 9 1eVT, ttfiWO. 5%T$> 
£<DJ;5£MitSaJCck0, SiGeC14©4«Ct) 

in»**&^. u0J:5&afiK0SiGeCl4i:iD» 
tt^-Xl8 aSi«t521ii:J;oT, fi£*C0S i G 
e-HBTJ;0x^ y *«A> >y < , ffi 

40 «ffiT»f^U*^JSa»^pIfilttS i GeC-HBT 

[0 12 1] tt»jac*©«j«^6feffi*A^(.^J: 

C ^ttttT J: 0 * S & A >h^t7^ 

ttfcS i GeC^^TStt^-Xl8 a^Mlt^ 
So -TTtClttHJbfc^ mi2fr*>t>frZ>3iO\Z, S i 
G e C)i4rtJCfe^T» : PSE^L&tt»T/ , «> K*ty 
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t>i**l7WCi5HT, S i G e CJI 4 S iI5 

*S3*«a*Ulrs. fcfc'U JEIBE*£Stt&««R a 

gttfc®*SfcR bTA*> K*t7^I^t5i^tT 

KT. A*> K^-y:/£M£*£l£-5*:«e> 

9lo«DS**Sttfc«ttRb£K:#ttT«9I?-*. 
[0 12 2] -ffi*£*£gttfc«*K#tt*fii8«» 

@14(i SiGeCI4 ©ttJSHCe W*JE»BS*S 

A> <;/ 1*£;fc#>fCtt, iS^Col~ 

[0 1 2 3] .HI 5 (a) ~ (d) tt, 01 4©jg^C 

So 

[0124] 015 (a) It @1 A\Z7k-$mMkQ.Q\\Z 
i&ot, S i G e CI 4 Cfelt^C b, 
GetffSSil5 (IS-^ffl)A^SilWt 
->Y^12 0 Cal^^fll) KP^S^rfilfCffii&tfJtrif 
*£-tJ-fcH£r©G e #WsPR«C*****-rH-C* 

•So 

[0 12 5] 015 (b) tt. 01 4IC^TiS|gCo2tC 
i&?T. S i G e Cg4(C*5lt-5G e-^W^<£:-^i 

+ ->t;H2 0 OW^^M) IC[6l^5*|6jtCtt^«UC 

®/h$-a-fc^^wGe-&w^rKc^#^^^-r0-c^ 
-5. 

[0126] 015 (c) tt, 01 4«c*-Tia^Co3fC 
»oT, S i GeCI4IC*tt5Getf^S ii5 
(XS-y^ffliJ) ^5S i Ik7 + ytJH2 0 

*«> \zftfrojj{tmzmmm\z®*:2i£, ^o. c^*r 

*g£-S iH5 (X5-;/;$>ffliJ) MfJ' + ytJl'i 

20 {zivzzm) \zfafroi3fa\zw.mt}\zm/\^-&iiL 

i^©Gett$St;c§t*JSt0Tfe5. 

[0127] 015 (d) tt. 01 4 lC*-riS^Co4JC 
Sot, S i GeCB4l:W5GetW$*S i!5 

t>m) \zfafr j 5i3\p\\zw.m#)\zm*.-z j &, fr-o. c^m 

$SS iI5 A^S iie^ + i/tlH 

[0 12 8] -5lo3B0S**S»tfc*«Jc:*lt4i|ift* 
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@16lt S i Ge CJ1 4 ©ttffi.0tc &tt£3l oIOI 
*£SWfc««R b Cfe^T/O K^-v >y ^SttftS* 
Sfc*lC$f ^ L^ffifigfflMyjffi©^j^l5iB)3-rSyt*e)©0 

el~Te4lc^TJ:3^i/K®D^©*)*^ae>-5. 
[0129] 017 (a) ~ (d) tt, 01 6 Wi£^T 

ei~Te4\z^n?nttmrzm&M&-jjm&*-rmT'& 

10 [0 1 3 0] 01 7 (a) tt. 01 6{C*-riS^TeltC 
»oT. S i Ge CS4K:fctt.5C^r^£-5£<hU 
Ge#W5p£S i J!5 (I5>^«) «>6SilW* 
•>t;H2 0 (a l/^iffl) Kft^^ftlcuSgitfncM 

•5. 

[0131] 017 (b) tt, 01 6 (C^TiE^Te2{C 
iSot, S i GeCf 4Cfe^Gett^-£i 
U C$S$«Sii5 (XS-yiS'ffliJ) j^SSIXW 

•5. 

[0132] 017 (c) tt, 016 tC^-riS^Te3tC 
»^T, S iGeCI4l;*5(HGett$5:S iI5 

ClRl^'5*lRlK:ia*WtC«/jNS*. c^m 
iI5 (I5 7^H) *>£S ilh^ + yrM 
2 0 (nU^iffil) Kl6j^'5*|6ltcie««K:*a*S-&fc 
1^©G e tt$WCM$^StiTib5. 
[0133] 017 (d) tt, 016 (C^-TiS^Te4tC 
30 j»oT, S 1 Ge CJ!4tC:fett3Ge^r^£S iI5 
(.X.S.y?m) *&SiIt^*>'t;H2 0 (al/^ 

*m (c|p]^-5^|RlfcjS^Wiclffl^$-&, c-^r 
*££S 115 (iS'^i) *6S i lk^ + yt^l 

20 <.3up?m) iz^o^^nzmf^mzm^^rz 

[0 1 3 4] ±aiOTJ;3tC. SiGeCI4fflS ii5 
(IS-yi'ffl) Kl*-r*«»©»riE&»^-S^*#k: — 

grTSJ^fC (^^*0%©ifi^±) tcUfclg-g-fCtt. 

S i G e C<Dmj&<OMW&JEmz?rt}ti^£. S i G e 
40 C©m^©«#4yj|*J(CJ;oTtt. jSS©A>H^t7^ 

IB ( a U i7 ^ flja* & x 5 y ?m tCA* > H ^ -fr >y 

-T-S^JE) Sfe^;i^5©f, S iGeC!4fflS 

i n 5 izm-rzffittnm&i&te^-mtrikm^-r $ u 

BE 18 S * & g tt £ « « R a l*l *> L < tt 3 1 o 51 0 £ * £ g 
tt2>Mis&RbPi<D^-rnfr~ *©*TS iGeCJ14© 

[0 1 3 5] &mMMffilZ£2>£:, SiGeC-HBT 
©Ktt^-XJ18 a*«^S iGeCl4©3'6, 
Ii7^I9SMns i JB 5 K«-r-SSK#©«fi!8& 
50 S i *a«T'tt^C< Ge»tfC©5%Jl>ft< tfe^t* 
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n*">— -JjZStsm.l8.tls. S i G e CJ14.cr>S i 15 t 

^>->^;P*(SM-r-5C<h1c:J;0. S i GeC-HBT 
©(g^EES&fHfc £ 0 £ d t tft-c # £ „ 

[0 1 3 6] ft:fc. ^^iSK&^Tfc. SiGeC 
@4©^{CH?,spi%et)ftM*fi*U . O^TiiftS 
i5)SS iGeC®SMMlT^5. C oc> <k 5 tc$t 

[0 1 3 7] ft*. ^.mffiMBAZgi^Tte, SiGeC 
■ 4©55S i «5fc*T*«#©fiJ«a<S I . GeS 
tfCS*tHai«4LTH4)l«, Ell 4, H16^5b* 

*fTftp«^1Ctt. C&^Z-TS i St^G e $:#tyfflLi5g 

«*fi*IH»*frfc'3«^ettGe*$3:-rs i RtfCS: 

[0 13 8] *HJfi^ffi{C*^T«, Ell 3 

(b) fc*-TJ:5(c, S i Ge CI4©T14 bfc&tt 

*v-wm2 otcifij^^^risic^^fcj^/jNS-tt. 

S i G e CJ14 ©Jijf 4 c iCiJtt-SG e ^T^RtfC-g- 
*£-&t^-2>©t. f^Kommmmiimmz. ^-x • 

3l/i7^t^#S (S i Ge CI4-S i If?*yt 

SfCfc^T. S4rtU7 (06 (a) #88) ^/^^ 
(0 7 (a) #fig) ©5B£&«liWb. eW«JC*ttS^ 

[0 13 9] fcfcU TJ14 b, ±14 c 1c*5tt£C"& 

w^©*s*ffes^e.s iit:^+->t;H2oxiis 

7 -yrPftifcDA^ K^-fey h*i^Jft5F^*ia< H 

14b, ±i4c u%> 

ft^o 

[0140] z.<d£.?\z. *mmmmio>M&%ii8.&m-r 

2>S i Ge Ci4Ct?T*«Sn5Wt^-7i8 a 
£(Ix.;tS i Ge C-HBTt&^T. Si/ 
S i Ge C^DMSfMt CM$tGegt$» 

fr&H«-r*ji£fc<. &mm&mzmtirz$immtz^ 

[0141] ft 43. ±IB#3gJS^T«. 0 2 Ktk-T'N 
<=>. h^>> ; X^i:CMOS^*|fifkUfcB 
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i CMOSfA'-fXffl;H*-7 b7>i?X?$ : *5£W 
(C«fc^>S i Ge C-HBTfCckoT$/&UT ; fo#'£*)ft 

[0 14 2] Sfc, **W©Slj6»Ji-Ctt» NPN3JS 
IGeC-HBT5«s]l;<!:oTmLfc*s. #f£iW£P 

NPfSiGe C-HBT1Cfeiafflb3SCli:«t/^* 

Tfcftl^. 
[0 14 3] 

[5!0J(D5eftm] *i^rn;H#-7h7>yXi' 

<fc, mi ©filftliO^/OK^t 7 7"ffl/hS^S i 
GeCi!$S^6ft-5^2W^^I*|{C^fi£$n&^- 
Xlt, 1 2 0 t> A* > K * t y 7*©^f ^ 

¥*#)iO¥i%»^iE** 1 • 0%«TtUfcCDT. 
^I^Sffl < i i& < » 2 if 1 , S3© 

MftIt©A> * v :/M£t£*-f 3 iil:<fcO. 

h-f >«BE©ffi«fc«k 
^-X^CiSKl^aSwrSl-hftt'S-^T^, «fc 

h7>yX^©IMil>Ci^T-t^. 

[0®«ffi¥ftSiBJ] 

[01] S i GeCH5tigft¥^M£*5tt*Ge43J;tf 

ffi0-e<&-2>. 

[02] *&wa>mii&Mmz&rtz>^TUrt'f ^-^ h 

7>v 5 X^(73^fS0T-*-5. 

[0 3] (a) ~ (k) «. #5B9!0>f&KJB«fc:43W-3 
30 T$>-5. 

[0 4] (a) ~ (c) tt. ^-tl-ftUBK. «©NP 
NIS i-BJT©X^M-A>Hii. 'ft&nm- 
M^-Xl^ft5NPNSS iGe-HBT©I^ 
;U^-/\*> h**8ig, *aiI»^«SiGeC< 
-Xl^tt^NPNIS i G e C-HBT©lW 
-A*>K0Trfe-S. 

[0 5] *»W©HJ(g«18t:«*'S'5 l nm#— 5 

W>^^D7 h) &&%:(DS i -B J T. SiGe 
40 -HBTilti<bT*-r0Tfag>-S>„ 

[0 6] (a) , (b) ti. -tft-eftJBK. ^-Xlffl 
®^P>75i^WlC^— ifflfi!t£Wr5S i GeCIiO 

^©MilWfilt^-X, Ii7?, P 1/£7^CD{£ 
W<tro^^S:*-r0. S^(-7>y7?©I*M-n 

[0 7] (a) . (b) «. -tn^njaic. ^-xifi 
-^nfeAf Dy\'-f^-7 h7>y7^©#Mai© 
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T0. RUVy>^7,^<DJi^)V^—n> Kit**, 
[0 8] (a) , (b) tt. -€-n-6nJffltC, ^-Xdffl 

MffifflS iGeCIrtffl^lcK-^nfcAfnyH 
JJ?-7 h 7 >yx^O#«aiOfiBi^- X, 15 7 

[09] (a) , (b) tt. ^-X«ffl©#n>*». 4 1 
AHftUg-ttA-CMffOTM. ±»rt*«#M&JBfc (CO 
<DS i G e CJSrtW^fC F — ^tlfc^^DA'-l'tf 

j'OI+M-A^ KB"?**. 
[01 0] 01 tl^ElO/ly* — 9\Z-D\>*T* 1. 0% 

[011] (a) ~ (c) tt. ^n^*nft3lS©<ig#4&fiS 
CD^— Xjf S i G e -HBT©X*M;\*> H 

0, &2<DmMMmjz&z>mm®.i$.<D^-7,m$:^-fz> 

S i GeC-HBTCDX^M- A*>H0. RZfi&2<D 
tWl©S iGeC-HBT©Getf$, C^W^ 

[012] 01 tmmon^^-tuz-D^T. &2<d-m 

MMmz&^XG eS^C^*$rM#Wjt<&— 5t<fc b 
«^0TS.^.. 

[013] (a) , (b) «, -tn-^n. SH 3 ©HlJSJg 

miZ&tfZMmffl.l&S i GeC-HBT©l^M-A" 
[014] S i Ge C»©ttfi8Hfc*st**EEI8iE*&£ 
[015] (a) ~ (d) tt. 0 1 4WiS^Col~Co4 

fc-ttt-enatis-r a m^MM^s 0t^ * . 

[016] S i Ge CJi©«ffiBltw*W*9l-3«Dffi* 

[017] (a) ~ (d) tt, 01.6©ifi8§lTel~Te4 
[018] eE3fcCDS i G e -HBTftt'tCiStt-SS i II 
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<D±.\zMl$,£ntzS i GeIroGeM$iWI*, 

[019] — JKjSS i l-x-y Ge, Cy T'SlStXSS i 
GeC&HJKCO^T. 9 5 OtTT? 1 5 s e cftm<» 

mmm <rta> *fT&o&£*©»iitt©*fl:*«T 

[02 0] (a) ~ (d) tt, SinGe.^lR 
tfS i i-x-y Ge, C y ttM0#lij£k:*lt«MkJfia 

10 [12 1] Ge§W2 1. 5%T*5S ii-j Ge 
x iiSiIiJf Rtf S i i-x-y Ge x Cy 

tt&VcE - Ic 0T&&. 
[02 2] GettW2 6. 8%Tfc5Sik Ge 
x ISHSRtfS i i-x-y Ge x Cy ^HJlSr^-XJf t 

tt-SVcE - Ic 4ttt^*-r0T^a. 

i s i mm. 

20 2 LOCOSI 

3 a t7*a^^i 

3b 3 1/^^1 

3 c 31/^^9*— ;US 

4 SiGeCI (I2«D¥i«:I) 

5 Sif (£3®¥*#JI) 

6 BSG1 

7 «ffB§{fcii 

8 a *14^-XJ1 

8 b ^BB^-XB 
30 9 1= 7^1 

9 a K»fl!X5v^Jl 

' io w 

11 IS y ^ttffi 

1 2 3 

1 3 mmmmm 

14 3 1/^^3>:?i7M 

20 s i m&am m 1 

21 a i 

2 2 A 1 

40 23 a i mm 
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